With conventional lifestyle modification programs, it can be difficult for hypertensive individuals to modify their lifestyles and maintain the changes. We assessed whether a multicomponent program (patient-centered assessment and counseling for exercise plus nutrition [PACE Japan]) based on behavior theory and social cognitive theory would be effective for treating patients with essential hypertension. We examined 57 outpatients aged 62 10 years with essential hypertension irrespective of antihypertensive drug treatment.
Introduction
Approximately one-fourth of the Japanese adult population, blood pressure (BP) either alone or in combination with antihypertensive drug therapy (2) (3) (4) (5) (6) (7) (8) (9) (10) , it can often be difficult for hypertensive individuals to modify their lifestyle and maintain such modifications. To address this problem, a behavior modification approach has been applied to lifestyle intervention, and has been reported to be more effective than conventional health education and health appraisal (11) . This approach is based on behavior theory and social cognitive theory. In addition to its effect on BP, such lifestyle modification may also reduce the levels of other cardiovascular risk factors.
Despite preliminary evidence that physician-based counseling for physical activity can be effective, several barriers exist. These include a lack of time during the office visit (12) , a lack of perceived effectiveness as a counselor (13) and a lack of training in behavioral counseling (14) . To address these many barriers, Patrick and coworkers developed a program that combines computer software and physician counseling, i.e., the Patient-Centered Assessment and Counseling for Exercise plus Nutrition (PACE ) program (15) (16) (17) (18) (19) (20) , which can be used to increase physical activity and modify eating habits.
The purpose of the present study was to assess whether a multicomponent program (PACE Japan) for changing nutrition and physical activity in a Japanese clinical setting is effective for treating patients with essential hypertension. We examined its effectiveness from both a behavioral and a physiological perspective in comparison to conventional medical treatment.
Methods

Participants
Outpatients at the Department of Cardiology, Fukuoka University Hospital, who satisfied the following conditions were screened: they were previous diagnosis with essential hypertension; no history of periodic diet/exercise instruction or health education; a need to develop better habits in regard to vegetable consumption, fat intake, salt intake, or overeating; and no habit of exercise. A total of 57 subjects (29 males and 28 females) with a mean age of 62 10 years were enrolled. The ethics committee of Fukuoka University Hospital approved this study and informed consent was obtained from each patient.
Procedure and Intervention
We used the PACE Japan program, which consists of an evaluation of lifestyle, determination of a behavior plan, and physician counseling, and which was developed by the Omron Corp. (Tokyo, Japan) based on the PACE program of Patrick and coworkers (15, 18) . In the Japanese version, which was modified by taking into account factors unique to the Japanese diet (increased fruit consumption was deleted and salt intake was added), a document that summarized the counseling points according to the characteristics of each patient was prepared to facilitate counseling by the physician. After a baseline survey of health behaviors, such as physical activity and nutrition, an action-plan sheet for lifestyle modification, including tailored advice on how to confront obstacles that might prevent the subject from reaching the target, was generated and printed from a computer. All patients received medical advice and a medical examination on eating habits, BP, percent body fat (%Fat), body mass index (BMI), spot urine test and blood test every 4 weeks for 24 weeks. In this study, patients were randomly divided into two groups: a PACE Japan follow-up group (n 18) and a PACE Japan-only group (n 20). An age-and sex-matched control group (n 19) was also selected. Patients in the PACE Japan follow-up counseling group received an action-plan sheet. At each hospital visit, they also received about 20 min of counseling. The PACE Japan-only group received an action-plan sheet, but did not receive counseling. The patients in the control group did not receive either an actionplan sheet or counseling.
Measurements
All patients were required to wear an accelerometer (Lifecorder, Suzuken Inc., Nagoya, Japan) on their waist from the time they woke up to the time they went to bed to investigate the effect of the interventions on daily physical activity. The efficacy of the accelerometer used here was established in a previous study, in which its measurements were closely correlated with those of a metabolic chamber (the correlations for total energy expenditure and energy exercise expenditure were 0.89 and 0.66, respectively) (21). Total energy expenditure (TEE) and exercise energy expenditure (EEE) were also analyzed. A semi-quantitative food frequency questionnaire (FFQW65) consisting of 65 items was used to measure total energy intake (TEI). FFQW65 is used to determine the frequency and quantity of meals, including alcohol consumption, for the most recent month. Height, weight, percentage of body fat, systolic BP (SBP), diastolic BP (DBP) and sodium (Na), potassium (K), and creatinine (Cr) contents in spot urine were also measured. The percentage of body fat was measured using a body fat scale (HBF-302; Omron Corp.). BP was measured by a fully automatic BP meter (HEM-906; Omron Corp.) using an oscillometric method. After a 5-min rest, BP was measured three times and the mean of these three measurements was taken as the blood pressure. A blood test was performed at the same time.
Statistical Analysis
All of the statistical analyses were performed at Fukuoka University using the Statistical Analysis System (SAS) Software Package (Version 8.2; SAS Institute, Cary, USA). Continuous variables were compared among groups by an analy-sis of variance and Scheffe's multiple comparison test. Categorical variables were compared between groups by a χ 2 analysis. Changes in variables during the study period were examined by a one-way repeated measures analysis of variance (22) . Correlations between variables were examined by the Pearson correlation and Spearman correlation. The dependence of changes in SBP on changes in other variables was examined by a multiple regression analysis (22) .
Stepwise selection was used to determine variables that significantly predicted changes in SBP. A partial correlation coefficient was used to compare the contributions of independent variables (%Fat between before intervention (0 weeks) and 24 weeks after intervention ∆%Fat, ∆TEE, ∆EEE, ∆TEI and ∆U-Na) to changes in SBP in multiple regression models.
The significance level was considered to be 5% unless indicated otherwise.
Results
Baseline Characteristics of Participants in the Intervention and Control Groups
As shown in Table 1 , although the three groups did not differ with regard to age, sex, SBP, DBP, or smoking history, the PACE Japan-only group had significantly higher BMI, and the PACE Japan follow-up group had significantly higher BMI and %Fat compared to the control group. Of the 57 patients, 52 received antihypertensive medicine during the intervention period. The percentages of patients who modified their medicine intake were 20% (3 dosage increases/3 dosage reductions), 20% (3 increases/3 reductions) and 20% (3 increases/3 reductions) in the PACE Japan-only group, the PACE Japan follow-up group, and the control group, respectively. One patient in the PACE Japan follow-up group was admitted to the hospital and thus was excluded from the statistical analysis. Although we observed small differences in the baseline characteristics of the three groups, we did not consider these differences in the analysis because there were no differences in physical activity, calorie intake or blood-test results. None of the patients had previously received periodic diet/exercise instruction or health education. As shown in Table 2 , there were no differences in the baseline blood test or urinary extraction among the groups.
Changes in Blood Pressure and Lifestyle Factors
As shown in Fig. 1 , ∆SBP in the PACE Japan follow-up group ( 12 10 mmHg) was significantly lower than that in the control group ( 3 9 mmHg). There were no significant differences in ∆DBP among the three groups (control group, 2 9 mmHg; PACE Japan-only, 3 9 mmHg; PACE Japan follow-up, 5 9 mmHg). The ∆%FAT in the PACE Japan follow-up group ( 1.5 2.0%) was significantly lower than that in the control group (0.5 2.0%). Since baseline %FAT in the PACE Japan follow-up group was significantly higher than that in the control group, there may have been a greater reduction in %FAT in the PACE Japan follow-up group after intervention than in the control group. ∆EEE and ∆TEE in the PACE Japan follow-up group (29 65 kcal/day and 36 62 kcal/day, respectively) were significantly higher than those in the control group ( 3 47 kcal/day and 29 91 kcal/day, respectively). Moreover, the ∆TEI values in the PACE Japan follow-up group ( 106 225 kcal/day) and PACE Japan-only group ( 181 160 kcal/day) were significantly lower than that in the control group (45 159 kcal/day). The ∆U-Na values in the PACE Japan follow-up group ( 33 48 mEq/day) and PACE Japan-only group ( 26 64 kcal/day) were significantly lower than that in the control group (18 42 kcal/day). There were no significant differences between before and 24 weeks after intervention in alcohol consumption, blood-test results, or urinary extraction, except U-Na, among the groups (data not shown).
Correlations between Changes in SBP and Other Factors
Since we observed a significant reduction in SBP in the PACE Japan follow-up group, we analyzed the correlations between changes in SBP and changes in other factors that were significantly different after intervention. As shown in Fig. 2 , ∆SBP was positively correlated with ∆U-Na in all patients.
Dependence of SBP on U-Na as Assessed by a Multiple Regression Analysis
Since ∆U-Na was shown to significantly predict ∆SBP as assessed by stepwise selection (data not shown), a partial correlation coefficient was used to determine the contributions of independent variables to SBP in a multiple regression model. The partial correlation coefficient of ∆SBP with ∆U-Na was 0.361 ( p 0.011) as assessed by a multiple regression analysis, suggesting that the reduction of SBP most strongly depended on the decrease in U-Na between before and after intervention.
Discussion
It can be difficult for hypertensives to maintain lifestyle modification as a non-pharmacological therapy. To address this problem, since many studies have reported that face-toface counseling is effective in lifestyle modification programs in a clinical setting (14) (15) (16) (17) (18) (19) (20) , behavior modification approaches were applied to lifestyle intervention in the present study. We investigated the effectiveness of a computer program and counseling in a lifestyle modification program designed to alter physical activity and eating habits in outpatients.
This study was based on previous reports that tried to improve the PACE approach. The PACE program (exercise-only program) has been shown to be effective at improving physical activity (15) . In addition, in 1999 Sallis et al. reported that PACE (exercise plus nutrition program) was effective in health-promotion intervention in primary care (20) . On the other hand, Norris et al. indicated that a one-time PACE counseling session did not increase activity (17) , suggesting that further studies are needed to examine long-term, repeated counseling interventions. In this study, we used PACE Japan, which consists of a lifestyle evaluation, determination of a behavior plan and continuous counseling, and observed a significant effect in the PACE Japan follow-up group but not the PACE Japan-only group.
In this study, PACE Japan was helpful for reducing blood pressure in hypertensives based on lifestyle modification. PACE Japan has the following characteristics: 1) Targets are set after patients recognize their own problems; 2) Decisions on improving targets are left to the patients; 3) There are a total of six items for modification: two items regarding physical activity (vigorous and moderate exercise) and four items regarding nutrition (fat intake, vegetable consumption, overeating and salt intake); and 4) The visits are fairly brief (counseling by a physician for about 5 min and counseling by a counselor for about 15 min).
This study showed that SBP significantly decreased accompanied by decreases in %Fat, U-Na and TEI and increases in TEE and EEE in the PACE Japan follow-up group. Since the reduction in SBP was positively correlated with the reductions in U-Na, the reduction of SBP in the PACE Japan follow-up group may have been due to the reductions in U-Na by stepwise selection because of an increase in TEE and EEE and a decrease in TEI. The reduction in BP was most strongly dependent on the reduction in U-Na as assessed by a multiple regression analysis. This program based on behavior theory and social cognitive theory may have been effective at reducing BP by decreasing sodium intake in the PACE Japan follow-up group. 
Study Limitations
This study has two important limitations. First, there were differences in BMI and %Fat before intervention among the groups in this study. Although differences in clinical characteristics may influence the results, there were no differences in lifestyle activities, such as TEE, EEE and TEI, among the groups. In addition, since the analysis was performed based on the changes in each factor, the influence of this initial difference was thought to be not significant. Second, the sample size was relatively small, which limited our ability to determine the statistical significance of the results. Despite these limitations, our data suggest that this new PACE Japan program may be effective for reducing BP in hypertensives.
Conclusions
Intervention consisting of PACE Japan follow-up counseling led to a reduction in SBP accompanied by a reduction in %Fat and improved physical activity. The non-pharmacological treatment of hypertension has been advocated for a long time, and this program based on behavior theory and social cognitive theory may provide an effective strategy for reducing BP in patients with essential hypertension.
